SUMMARY Left ventricular function was investigated in 86 patients with single vessel coronary artery disease before and three to six months after successful angioplasty. Before angioplasty thallium-201 perfusion scintigraphy and technetium-99m gated equilibrium ventriculography in most patients showed that stress testing (exercise and ice water stimulation and isometric handgrip respectively) induced myocardial perfusion defects that were associated with a mean (SD) drop in left ventricular ejection fraction from 64 (6) % to 56 (7)%. After angioplasty there was residual coronary stenosis of < 20% of the diameter of the vessel in 78 patients (group 1) and ofbetween 20 and 50% in eight patients (group 2). After the procedure the perfusion defects seen during stress resolved in 86% of group 1 and in 87% of group 2. Despite the apparent improvement in myocardial perfusion left ventricular dysfunction persisted in group 2-that is during stress the left ventricular ejection fraction fell from 65% (6) to 56% (5). In group 1, on the other hand, the improvement in myocardial perfusion was associated with significant improvement in left ventricular function with a normal increase in ejection fraction from 63 (5) at rest to 67 (6) during stress. Radionuclide studies, one to six weeks after angioplasty in 30 group 1 patients showed continuing left ventricular decompensation during stress in nine (30%) of them despite correction ofperfusion defects. But reinvestigation three to six months after the procedure showed recovery of left ventricular function with an increase in ejection fraction from 66 (5) at rest to 69 (7) during stress.
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These data indicate that coronary angioplasty procedures that give a residual stenosis of < 20% improve myocardial perfusion and the response of the left ventricle to stress. The functional improvement may be delayed for up to three months, however, possibly because arterial healing at the angioplasty site is delayed. On the other hand, when the residual stenosis is between 21 
Results
The 86 patients underwent successful angioplasty with a mean (1 SD) reduction in coronary artery stenosis from 89 (10) of the coronary artery diameter to 24 (9). The patients were divided into two groups for later analysis. Group 1 was 78 patients in whom the residual stenosis was < 20% (average 13 (7)%) and group 2 was eight patients in whom the residual stenosis was 21-50% (average 38 (7)%). Table 1 shows the effects of coronary angioplasty on the severity ofstenosis and gradient, exercise haemodynamic function and performance, and left ventricular wall motion and perfusion during exercise. Figure 1 shows the functional responses, both global and regional, of wall motion to stress after angioplasty. GROUP 
( <20% RESIDUAL STENOSIS)
Coronary angioplasty produced complete symptomatic relief in 90% of group 1, and this was (5)O% at rest to 67 (6)o% at peak exercise (p < 0-001).
Before angioplasty 64 patients had stress induced regional abnormalities of wall motion. After the procedure these tended to disappear in association with the overall improvement in left ventricular function. In patients with continuing stress related left ventricular decompensation, however, regional abnormalities of wall motion usually persisted. In seven of the nine patients who showed delayed recovery of left ventricular function the disappearance of regional abnormalities was also delayed. GROUP 2 ( > 20% RESIDUAL STENOSIS) Coronary angioplasty produced complete symptomatic relief in all eight patients and an increase in peak workload during bicycle ergometry from 616 (251) to 740 (363) W.min (p = NS).
Before angioplasty thallium-201 scintigraphy during exercise showed reversible myocardial perfusion defects in every patient, but after the procedure the defects disappeared in six patients. Despite the improvement in myocardial perfusion, radionuclide ventriculography remained persistently abnormal three to six months after coronary angioplasty with stress induced increase in ventricular volume associated with reductions in ejection fraction (65 (6)% at rest to 56 (5)% during stress, p < 0-01).
Seven of the patients showed persistent regional abnormalities of wall motion. Najim, Timmis, Maisey, Pinies, Salinas, Curry, Sowton
Discussion
The findings in this study show that successful coronary angioplasty with a residual stenosis < 50% of the luminal diameter of the coronary artery gives early relief of angina in most patients. The improvement in symptoms was associated with a restoration ofregional myocardial perfusion as assessed by thallium-201 perfusion scintigraphy. Nevertheless subclinical stress induced left ventricular dysfunction during gated radionuclide ventriculography often persisted unless the coronary artery was widely patent with a residual stenosis of < 20%. In some patients with wide coronary patency, however, left ventricular function was not fully recovered for up to three months. This suggests that restoration of normal perfusion is sometimes delayed until healing at the angioplasty site is complete.
The response to stress before angioplasty and at 1-6 weeks and 3-regional myocardial ischaemia and left ventricular function.
Our finding of early correction of defects in the perfusion of thallium-201 after successful coronary angioplasty must indicate a substantial improvement in regional myocardial perfusion, which accords with the findings ofother investigators.' Thus a total of 75 patients (87%) had a normal perfusion scintigram after coronary angioplasty. Despite the improvement in myocardial perfusion, radionuclide left ventriculography showed persistent exercise induced regional abnormalities of wall motion in 33% of patients investigated within six weeks and in 19% of patients at three to six months. The response of the ejection fraction to stress was abnormal in a similar proportion ofpatients. This discordance between the results of radionuclide perfusion imaging and left ventriculography was also noted by the investigators of the National Heart, Lung and Blood Institute.' Because radionuclide ventriculography has been shown by other investigators to be the more sensitive technique for the diagnosis of coronary artery disease45 the discordant findings in the present study are best explained by continuing subclinical myocardial ischaemia in the territory supplied by the dilated artery.
Not surprisingly the severity ofthe residual coronary stenosis after coronary angioplasty was a major determinant of continuing left ventricular dysfunction during follow up. Thus patients with a residual stenosis of < 20% (group 1) showed restoration of normal left ventricular function in most cases. Indeed, in only 14% of patients tested did ejection fraction fail to increase with stress. All the patients with a residual stenosis of21 to 50% (group 2), on the other hand, continued to show left ventricular decompensation despite amelioration of symptoms. Clearly, therefore, in patients recovering from coronary angioplasty a residual stenosis of 21-50%, while fulfilling conventional criteria for angiographic success, does not ensure complete correction of the left ventricular response to exercise. Indeed early after angioplasty continuing left ventricular dysfunction may remain detectable by radionuclide ventriculography in patients with a residual stenosis of < 20%. We identified nine patients of this type and all ofthem showed exercise induced reductions in left ventricular ejection fraction six weeks after angioplasty. Importantly, however, contractile function had recovered at six months in every case.
These observations indicate that after coronary angioplasty a residual stenosis of < 50% may continue to cause important (albeit subclinical) obstruction to coronary flow. This is in marked contrast with the usual experience in coronary artery disease when stenoses of < 50% are usually of no functional significance. 6 The explanation for this apparent paradox may lie in the mechanism of coronary angioplasty, which causes plaque rupture, intimal dissection, and adventitial stretching with or without local aneurysm formation.78 Thus despite dilatation of the diseased arterial segment the dynamics of coronary flow will remain significantly disturbed by the damage to the vessel wall. It is reasonable to assume, however, that healing and endothelialisation ofthe lesion will improve coronary flow, and this may account for the late recovery of left ventricular function seen in some group 1 patients with a residual stenosis of < 20%. Thus coronary angioplasty with a residual stenosis < 20% improves both myocardial perfusion and left ventricular function. Nevertheless, the improvement in left ventricular function may be delayed for up to three months until arterial healing at the angioplasty site is complete. When the residual stenosis is between 21 and 50% subclinical exercise induced left ventricular decompensation may persist. 
